Abstract. 2014 Scanning probe microscopes can probe a variety of quantities characterizing surfaces. This overview paper describes techniques applicable in an ambient environment and having the power to distinguish different materials: the scanning force and friction microscope and the scanning nearfield optical microscope combined with a spectrometer. The basic operating principles of these two microscopes are described. Selected experiments point to possible future applications: we discuss scanning force and friction microscopy of ZnSe on GaAs and of Na, K-ATPase and near-field optical microscopy of a grating and of micropores. 
Introduction.
Scanning probe microscopy techniques [1] are powerful tools to investigate atomic and molecular scale objects in biology and physics. Various kinds of interactions are employed, such as electron tunneling [2] , attractive [3] , repulsive [4] and frictional forces [5] , and optical effects [6] . Due to the inherent nonlinear interaction characteristics scanning probe microscopes can be used to trigger events or modify surfaces or objects [7] . Unique to the scanning probe microscopy techniques is the wide range of operating environments [1] , comparable only to classical optical microscopy. Experiments are now routinely performed in air, liquids and in ultra high vacuum. Many samples should be investigated under ambient conditions, especially in biology or in application relevant fields. It is desirable that a microscope measures not only the topography of a sample, but also additional quantities giving a detailed view of the composition of the sample. At length scales larger than a micrometer, optical spectroscopy is well suited for this task [8] . For operation in vacuum conditions many techniques with this capability exist, such as Auger electron spectroscopy, photo electron spectroscopy and others [9] .
Conductive samples can be investigated down to the atomic scale at ambient conditions or in electrochemical environments by scanning tunneling microscopy and spectroscopy [10] . However, the vast majority of surfaces is isolating: therefore scanning tunneling microscopy is of only limited use for real sample surfaces, such as biological samples or samples of technological relevance.
Scanning force microscopy is a well proven technique which allows the measurement of the topography of isolating and conductive samples down to the atomic scale [1] . By measuring not only the normal force but also lateral forces one is able to calculate friction coefficients [11] . Using this information materials with different friction coefficients [12] can be distinguished. However the friction coefficient is not a quantity characterizing a material uniquely. Therefore it is not possible to label an unknown material using only the friction information.
Optical spectroscopy [8] has the capability to positively identify bonds and bond configurations in organic and polymer materials. By combining optical spectroscopy with a sub-wavelength sized light emitter it is possible to image samples with a 50 nm lateral resolution [6] . Additionally optical detection is inherently much faster than force microscopy. The width of the optical spectrum allows a much broader information to be gained from a sample than would be possible by scanning force and friction microscopy. Techniques such as fluorescence or photoluminescence microscopy guarantee that the information is virtually free from interference from other processes [8] . (Fig. 1 ). This law due to Abbe is a practical statement: Two objects with a separation much smaller than À/2 do create wave components which carry the information about their separation. However the amplitude of these wave components vanishes much faster with distance than the propagating modes. A detector very close to the two objects senses these near-field components and can distinguish objects that are closely spaced. The size of the detector must be smaller than the desired resolution and, most importantly, the distance between the detector and the objects must be very much smaller than the size of the detector.
Far-field methods mostly acquire an entire image at one time, allowing very short acquisition times. Near-field or proximity methods on the other hand, do only measure quantities from a very small spot. Therefore a surface must be scanned to get an image of the surface. Consequently proximity methods are slow. In addition due to the small spacing between the detector and the sample, the coupled system detector-sample must be taken into account for calculations of the interaction. Since the coupling between the probe tip and the sample is nonlinear, the same probe and interaction can be used to trigger events or processes and to monitor.them.
The resolution of a scanning probe microscope is determined by the size of the probe, the distance between the probe and the sample, and by the decay characteristics of the interaction [1] . Figure 2a , shows the effect on the resolution by assuming different power laws of the interaction. For this calculation we assume two point like sources of an interaction located at -10 and at + 10. A square detector with a size of 2 by 2 is scanned across the sample surface at a distance of 20. The different lines show the shape of the measured signal as a function of the position of the detector for interactions having a power law with powers ranging from -1 to -8. All curves are scaled to the maximum intensity on the detector due to one source. It is obvious from this figure that steeper decays produce a better resolution. This is one of the reasons, why non-contact force microscopy tends to have a worse resolution than contact force microscopy. Figure 2b , shows the effect of changing the distance between the probe tip and the sample. The same setup of two point like sources at -10 and + 10 is used. The power law of the test interaction is set to a fixed exponent of -3, the size of the detector is the same as in figure 2a. All curves are scaled to the maximum intensity on the detector due to one source. The height varies from 1 to 64. This figure shows, that the resolution is a function of the separation between the detector and the sample.
Hence the conlusion can be drawn, that the distance between the probe and the sample should be as small as possible, independent of the kind of probe or interaction used. Friction force microscopy allows to classify materials by their friction coefficient [12] . In this chapter we briefly discuss our setup, introduce the two-dimensional histogram technique and show some results on Na, K-ATPase [13, 14] and ZnSe.
3.1 THE FRICTION MICROSCOPE. - Figure 3 shows a sketch of our scanning force and friction microscope based on the optical lever principle[15}. Light from a laser diode is reflected off the surface of a cantilever. The orientation of the reflected light is determined by a four-segment photo diode. A change of the direction of the reflected light corresponds to a change of the surface normal of the cantilever beam. This change is due to several quantities: first, forces normal to the sample surface will bend the cantilever upwards or downwards, depending on the sign of the force. Second, lateral forces along the cantilever axis will induce a similar bending of the cantilever. However, for most setups this force can be neglected. Third, lateral forces perpendicular to the cantilever axis will twist the cantilever, because of the torque applied.
A detailed description of the functioning of the scanning force and friction microscopes can be found in the literature [1] . 3.2 HISTOGRAMS. -The friction coefficient of a pair of materials may be seen as a correlation coefficient between two forces. A scanning force and friction microscope imaging simultaneously the normal and lateral force components determines a measure of the correlation between the forces. To visuàlize this correlation two .dimensional histograms are best suited [12] . As an ex- ample figure 4a shows two signals mimicking two different physical quantities which are perfectly correlated. The curve with squares is the sine function; the curve with the diamond symbol is the cosine function. Every corresponding pair of data points one defines one point in a plane, for instance with the amplitude of the sine defining the horizontal axis. This plane is now divided into rectangular bins. For each bin we count the number of data points falling into it. This number is then interpreted as the height of a surface over the parameter plane. Similar to the rendering of scanning probe microscope data the number of points falling into the spatially distributed bins is plotted as a function of the position of the bin. In our example the correlation of sine and cosine is a circle, as expected (Fig. 4b) .
This two-dimensional histogram procedure can now be applied to the normal and lateral force in a force microscope image of ZnSe. Figure 5 shows the measured data together with the 2-dimensional histogram. The Fig. 4. -a) shows two correlated signals, a sine and a cosine. The two-dimensional histogram of these two correlated signals is shown in part b).
3.3 Na, K-TPASE. -The scanning friction microscopy of Na, K-ATPase yields interesting results on the interaction of the tip with lipid bilayers which do and do not contain proteins [13, 14] . The preparation of the cell membrane fragments is standard and described elsewhere [16] . The fragments are typically imaged in water with an imaging force of about 1 nN (Fig. 6a and b) . In this case individual Na, K-ATPase-dimers with a size of 10 x 12 nm can usually be observed. Fig-Fig. 5. -a) shows the topography of a ZnSe-surface. The size of the image is 3 03BCm by 3 03BCm. The height ranges from 0 (black) to 110 nm (white). b) shows the normal force, c) the friction force and d) the and a lateral force of about 40 nN (right). The imaging force was 2 nN. In the topographic image two different domains are clearly resolved: a lower, flat one of about 4 nm height and a higher, structured domain of about 12 nm height. The first domain is composed only of lipids, whereas the second domain contains the proteins. 4 . Near field optical microscopy and spectroscopy.
The scanning force and friction microscope does not have the capability of uniquely determining an unknown substance on the sample surface. This is because friction coefficients are not unique. Optical spectroscopic methods on the other hand allow a detailed investigation of absorption and fluorescence which can lead to a positive identification of an unknown substance.
4.1 EXPERIMENTAL SETUP. -The main idea behind any near field optical microscope is to have a source or collector of light with a size smaller than the sought resolution [17] . We have chosen sharpened fibers as a detector, mainly because they are easily handled and because fiber optics can be used to interface to other components. The schematic setup of our spectrometer is shown in figure 7 [18] . The light collected by the fiber is sent through a fiber coupler and then analyzed in a spectrometer. The output of this spectrometer is summed up over a small, selectable frequency band. At the input of the spectrometer a small fraction of the total intensity is deflected to a second detector measuring the integral intensity. Both signals are recorded by a computer based data acquisition system. The distance between the tip and the sample is controlled by a shear force measurement [19] . The sample can be illuminated either through the fiber, in an evanescent geometry or by a global illumination of the sample. Illumination through the fiber is achieved by coupling light into an input arm of the fiber coupler. Evanescent illumination is set up by letting light reflect totally at a glass air interface. This setup allows for virtually all types of measurements which can be done by conventional optical microscopy. 4.2 RESULTS. -A first example of near-field microscopy is the imaging of an optical grating. Figure 8a shows the topography, as measured by shear force, and in figure 8b the reflected intensity at 670 nm. The grating has a period of 415 nm, which is faithfully recovered. On most of the data set the reflectance signal varies proportional to the surface topography. However, on the upper left side there is a feature in the topography which does not appear in the reflectance signal.
In general the reflectance signal is, besides the reflectance, dependent on the orientation of the sample. There are, however, examples where this is not the case. Such an example is shown in figure 9a . Figure 9a shows the topography and figure 9b the reflection coefficient of a filter with nanometric pores [20] . The filter has a distribution of holes all with a nominal thickness of 1 /mi. The reflection signal shows a reproducible granularity of about 1 03BCm. This is consistent with a tip radius of 1 03BCm, as determined from the data and also from SEM images made of the tip after use. Scanning force and friction microscopy as well as scanning near-field optical microscopy are tools which allow to distinguish different materials at ambient conditions. Unlike conventional high resolution microscopes with a material contrast these two techniques can be operated in air or in liquids. Scanning force and friction microscopy is the tool of choice when highest resolution is demanded. Some prior knowledge about the sample is required, though.
Near field optical microscopy on the other hand does not have such a high spatial resolution. Its strength are the well known optical methods which can be applied at very small areas. There is, however, a tradeoff between highest resolution and highest signal to noise ration. The smaller the fiber tip becomes, or the smaller the relevant aperture is, the fewer photons are transmitted to the detector. Therefore one must balance the demands for high resolution and high signal to noise ratio.
Near field optical microscopy also has the potential to achieve very high time resolution on systems which can be periodically excited through the use of pump-probe techniques.
Scanning force and friction microscopy and scanning near-field optical microscopy will be applied to real world problems in manufacturing environments.
